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actually be corrected in the SPS, where they are well observable at least up to second order. Analytic calculation of the non-linear chromaticity, using Fourier expansions of the lattice functions, as well as computer simulation with the A(G program closely agree with the measurements performed at various energies. For the same reason, the transition energy depends upon the mmentum deviation Ap/p of the beam, which can lead to losses when beams with large Ap/p are accelerated through transition, since no correct phase-junp timing can be found for all particles. Measurements of this effect in the presence of different chromatic corrections are presented and also compared with the predictions of the analytic calculations and of the computer evaluations with the AGS program. which was checked experimentally, [1] , [3).
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Introduction
Some protons are always lost during the early part of the SPS acceleration cycle, i.e. from injection up to after transition. Part of these losses can be attributed to injection errors and to particles which are not trapped by the accelerating system, but the remaining losses are very sensitive to the fine adjustmt of the machine sextupoles used for chromaticity correction. In this paper, we will show how the sextupole distribution is responsible for the non-linear chromaticities observed in the SPS. The formalism developed will also be used to estimate the momentum dependence of the transition timing which is responsible for a few percent beam loss around transition.
Non-linear chromaticities

Chrcmaticity measurements
The variations of the betatron tunes with the beam momentum deviation were carefully measured at various energies [1] , by displacing the beam radially with the RF control system. Fig. 1 
where the index n means the nth harmonic coefficient of the corresponding function, the subscript 0 refers to unperturbed quantities, and:
Po 2 pO (6) Using the lattice functions calculated with the AGS computer program, [4] , one can perform the Fourier analysis of the above functions and then clearly see the influence of each spacial harmonic of the sextupole distribution. Fig. 2 shows for instance the relative strength of the terms Ian2/n2-4v21| of equation (2) 
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-The effect of the other harmonics can be estimated by calculating for a given Ap/p the changes in the lattice functions $Hand aD, induced by the presence of the sextupoles. Curve C of Fig. 3 is obtained by substracting this contribution from curve B.
-The residual small curvature of C is intrinsic to the bare machine: AGS shows that even without sextupoles, the machine tunes do not vary linearly with Ap/p. Non-linear chromaticity at 10 GeV.
In order to see if AGS simulation fit the experimental data, one has to take into account the variation of the uncorrected chromaticities with energy as given by (1) . This was done by putting in the AGS input data suitable sextupolar components in the field of the main bending magnets and then adjusting the machine sextupoles for compensation of the effective chromaticities at each energy. Excellent agreement was obtained this way and Fig. 4 shows an exanple for 10 GeV. Note that for Ap/p > 9 900,, one is close to 3vo = 80 and measurements are doubtful, as part of the beam is lost. The tune variation deduced from the analytic calculations is also in very good agreement with the experiments, but departs slightly from AGS simulation for large positive Ap/p, because of the limitation of equation (2) to the second order.
Momentum dependence of the transition timing
This effect, known as the "Johnsen effect", [71, is supposed to be at the origin of some losses just after transition when beams with large momentum spread are accelerated in the SPS, [8] . Let us write the variation AL of the orbit length L up to the second order in the momentum deviation 6 = Ap/p:
where Ytr is the transition energy of the reference particle (6 = 0). It can be shown, [9] , that the spread in transition timing arising from the momentum spread in the beam is given by:
atro At = -(1.5 + -26 (8) (9) and (10), (11) Comparison with measurements a2 can be deduced from the observed linear variation of the transition timing versus the beam mean radial position, for a given machine chromaticity, and the results are plotted in Fig. 5 as a function of the effective SPS chromaticity. The fact that the zero harmonic approximation of (13) fits better the experimental data than the complete evaluation of (13) with a full Fourier analysis of the relevant functions, is not very significant owing to the accuracy of the measurements. Fig. 5 also shows the a2 variation deduced from AGS outputs. The discrepancy with (13) comes fran the approximation used in AGS to calculate the transition energy for an off-manentum particle, [4] . Anyway the suppression of the spread in transition timing would require an effective chromaticity of the order of EH = 1.6 which cannot be tolerated around transition.
Conclusion
Second order effects in momentum deviation of the beam have been observed in the SPS. Both computer simulations with the AGS program and analytic calculations using Fourier expansions of the lattice functions agree well with the experimrental data. Furthermore this latter method allows to see how these effects could be minimized, should it prove to be necessary for the future SPS projects. Te last term in (13) can be evaluated usirg the AGS output for a'p(s) and amounts to .826 for the SPS. A first evaluation of a2 is obtained by keeping only the zero harmonic omnponent of the sum term in (13), which with soae approximation boils down to -2EO+A , o being the natural chromaticity of the machine and AX the chranatic correction given by the sextupoles. 
